The Transfer Function of a Water-Boiler Reactor
The purpose of this note is to point out an inconsistency in the usual assumptions of the space-independent kinetic equations for a water-boiler reactor as shown in Skinner and Hetrick (1) .
The specific equations of interest were given as the following: 
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We now argue that by definition, and by actual experimental practice
We therefore claim that it is incorrect to assume that Eq. (1.1) is complete without specifying the conditions under which the additional terms may be neglected. It is not mathematically sufficient to argue that because Eq. (1.5) does not contain terms in V, or T, Eq. (1.1) should not contain terms in V. In a derivation proceeding from fundamental principles, the term in V does not enter Eq. (1.1) through Eq. (1.5). It is believed that the application of Eq. (1) is extremely important for a wide class of reactor kinetic problems (#). Furthermore, some of the statements of Skinner and Hetrick should be reviewed in the light of the approximations which they have made. For example, the statement on page 591, "From a pragmatic viewpoint, the range of validity of the space-independent kinetic equations may be extended by regarding the paramenters K, a, y, G, </ >, and a as functions of the equilibrium power, with all other external experimental parameters constant, as measured from the experimental transfer function." is strictly true only for very small values of both idP/dV) t , T V and idP/dT) t , v T. Another way to arrive at Eq. (1) is through the dependence of "power' time as follows:
on the "effective" neutron generation
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Multigroup Diffusion Calculation of k x for D 2 0
Lattices 1
In the usual method of calculating the criticality of lattice reactors the actual lattice cell is replaced by a cylindrical cell of the same area. The infinite multiplication constant is then calculated from the four-factor formula, k x = rjepf. When the factors are calculated using standard recipes ()), it is usually found that the values of obtained are greater than experimental values. To correct for this, various semi-empirical formulae have been devised to modify the values of one or more of the four factors (2) .
In an attempt to calculate k w from basic data, we have developed a multigroup procedure for a single reactor cell. This method yields not only k n but also a consistent set of the four factors. The definitions of e and p are different from those usually employed. In particular, e is defined as the ratio of the total neutron production to the thermal production and p is defined as the ratio of the thermal absorption to the total absorption in the cell. However, since the definitions of rj and / are the usual ones the product ep conforms to the usual definition, k^/rjf. The results of any multigroup calculation depend on the group structure and the methods employed to obtain groupaveraged cross sections. The results given below are for 1.50-in. diameter natural uranium rods in a square array in D 2 0. The rods were clad in 0.102-cm thick aluminum tubes. In preparing the cross sections for the uranium both Doppler broadening and energy self-shielding were taken into account. If a 1/E neutron spectrum is assumed, our group-averaged cross sections yield the same resonance integral as predicted by the Hellstrand formula (3) for the energy region below about 100 kev. Further details of the treatment of the U 238 resonances and the calculation of the group-averaged cross sections will be published later.
The purpose of this letter is to give a preliminary report of the following interesting results:
1. The values of k x obtained from the multigroup calculations are consistently lower than those given by standard procedures; see Table I . The difference is about 4.5 per cent. Since the multigroup values of rj and / are in agreement with the standard values, the variation of the product ep is the same as that of k^ .
2. The values of 1 -p, the resonance absorption probability, obtained from the multigroup calculations are consistently higher than those obtained from standard procedures, the per cent difference decreasing with decreasing pitch. This is due to the departure of the neutron spectrum from the 1/E spectrum assumed in the standard procedures. This is discussed in item 3 below.
3.
The multigroup calculations show that the neutron spectrum at the rod surface is not 1/E. For a given pitch the spectrum departs from 1/E increasingly with increasing energy. In addition, the neutron spectrum is found to come closer to the 1/E spectrum as the pitch decreases. These results are summarized in Table II , in which the relative neutron flux per unit lethargy at the rod surface is tabulated. Since the flux per unit lethargy is not constant, the spectrum is not 1/E.
The departure of the spectrum from 1/E results in higher values for the high energy absorption than those predicted by the standard procedure, partly explaining the lower values of p. Another reason for the lower p values is the inclusion of the nonthermal U 235 absorptions. 4. The multigroup calculations yield values of e which increase with decreasing pitch. The increase in the value of € with decreasing pitch was found to be primarily due to the nonthermal fissions in U 235 , which are not usually included in the Spinrad formulation (4). When the nonthermal fission cross section in U 235 was set equal to zero the multigroup calculations yielded values of e which ranged from 1.045 for the smallest pitch to 1.036 for the largest pitch. This may be due to a diffusion theory overestimate of rod-rod interaction. The constant value 1.0459 for e listed under the standard results in Table I was obtained using a Spinrad formulation.
5.
The results of the multigroup calculations were used to calculate values of the neutron age to thermal, r, and the thermal neutron diffusion area, L 2 . Values of the buckling, B 2 , were then calculated from the criticality relation,
. Table III the improvement in corrosion resistance or the apparent minimum in corrosion rate as a function of burn-up. This study is continuing and results will be published as they become available.
The samples and burnup data were furnished by C. F. Reinke of the Metallurgy Division.
Measurements of the Transport Mean
Free Path of Thermal Neutrons in Beryllium as a
Function of Temperature
In order to calculate temperature effects on reactors it is important to know the variation of the transport mean free path of thermal neutrons with temperature. K. S. Singwi and L. S. Kothari (1) have calculated this variation for different crystalline materials. In an attempt to confirm these calculations experimentally, we investigated the variation with temperature of the transport mean free path, X tr , of thermal neutrons in beryllium using the pulsed-neutron technique (2) . The decay constant, X, of the fundamental mode of the thermal neutron density in a beryllium assembly 20 by 20^ by 20^ in. (buckling, B 2 = 1.05 X 10 -2 cm -2 ) was measured for 10 different temperatures of the beryllium, ranging from -46° to -f~511°C.
The reciprocal thermal-neutron lifetime, X a = 288 =t 60 sec -1 , and the room-temperat-ure diffusion cooling constant, C = 1.1 db 1 cm 2 , for this beryllium had been previously measured (3) . The relation between the decay constant X
